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This paper examines the move into upstream and downstream global value chain
(GVC) activities by 11 Asian countries. We use international input–output tables
in combination with employment data and measure the number of workers in each
country involved in manufactures GVC. Jobs are classified by business function
based on occupational information, such as R&D, fabrication, logistics, sales and
marketing. In most Asian countries, we find a faster employment increase in
R&D and other support services relative to fabrication activities between 2000
and 2011. However, the participation in GVC and the pace of upgrading appears
to differ substantially across Asian countries. We use a structural decomposition
method to explore the role of trade, consumption and technological change in
accounting for changes in countries’ involvement in GVC.
Keywords: functional upgrading, global value chains, multi-region input–output
tables, structural decomposition analysis.
JEL classification codes: D57, F16, F63.
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I. Introduction
Asia’s labor force is rapidly evolving. The average years of schooling of Asia’s
population nearly doubled between 1970 and 2010, rising from approximately
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4 to nearly 8 years (ADB, 2015a). In particular, the share of tertiary-educated
youth (aged 15 to 29) has rapidly increased in many Asian countries. Contempo-
raneous to the increase in educational attainment has been the formation of pro-
duction networks that cross national borders. Baldwin and Lopez-Gonzalez
(2015) document the rapid emergence and expansion of ‘Factory Asia’. The
increasing skill level and the expansion of production networks appears at odds
with the finding by Rodrik (2016) and Felipe et al. (2015) of premature deindus-
trialization in Asia. That is, manufacturing employment shares in Asia have
recently peaked at relatively low levels of economic development. How are these
trends connected? A possible answer the present paper explores is that Asian
economies who educate their workforce also manage to upgrade in global value
chains (GVC) and, thus, increasingly undertake more upstream and downstream
service activities, such as R&D (upstream) and sales and marketing (down-
stream), relative to fabrication activities.
A rich body of literature already exists that uses case studies to examine
upgrading development paths in Asia. This research identifies upgrading trajec-
tories for firms, initially from focusing on fabrication to ultimately branding
their own manufactures (Gereffi 1999). As firms upgrade, they acquire new
functions in the GVC, such as design or marketing that require enhanced human
competences (Humphrey, 2004). For example, Sturgeon and Lee (2005) describe
contract manufacturers in the Taipei, China electronics industry who extended
their activities from assembly to product redesign, logistics and after-sales ser-
vices and repair. Thus, the increase in skills of Asia’s labor force is seen as
going hand in hand with upgrading in value chains. So far, however, much of
this analysis has been qualitative and for selected firms or industries. What is
missing is a quantitative analysis of macroeconomic upgrading trends by Asian
countries in GVC.
Analyzing upgrading in GVC at a more aggregated level is not straightfor-
ward and we aim to take a first step. A major bottleneck is the empirical identi-
fication of GVC. Typically, use is made of measures of foreign direct
investment, imports and exports over GDP or the share of intermediate imports
in overall imports. Even when this type of data is available, it is still not captur-
ing how activities are combined in GVC.
This paper adopts an empirical method for identifying GVC. We follow Tim-
mer et al. (2014) and define a GVC as all activities that are directly and indi-
rectly needed for producing a final (manufacturing) product, such as cars or
electronics. We measure the participation of 11 Asian economies in manufac-
tures GVC between 2000 and 2011. An important contribution we make is
modeling the type of jobs involved in GVC as in Timmer et al. (2018). What
matters for the effect of expanding production networks on domestic labor
demand is the job content which can be inferred from data on the activities car-
ried out by a country involved in GVC (Krugman, 2008).
Our analysis is an extension of research that has been done so far. Recently,
researchers have measured the domestic value-added content of exports in Asia
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(Koopman et al. 2012; Kwon and Ryou 2015; ADB 2015b). This provides
important information on the income generated by Asian countries from partici-
pating in GVC. An increase in the domestic content of exports may signal the
substitution of domestic for imported intermediate inputs. However, changes in
the domestic value added of exports are not necessarily informative of upgrading
in GVC as changes in the domestic content may originate from alterations that
have little to do with upgrading. For example, an increase in the share of domes-
tic value added may come from an expansion of fabrication activities or changes
in the industry composition (e.g. a shift towards natural resource exports that
typically have a higher share of domestic content). In addition, generating jobs
(good jobs) in GVC is typically of primary concern to policy-makers.
This paper examines functional upgrading in GVC, defined as the integration
or the movement of workers into more sophisticated business functions in GVC
(Humphrey and Schmitz, 2002).1 A typical industrial upgrading pattern would
be from doing mainly assembly activities to own-equipment manufacturing to
ultimately own-brand manufacturing (Gereffi, 1999). This will be reflected in an
increasing number of jobs related to upstream and downstream activities by
Asian countries involved in GVC. In particular, we would expect a more rapid
increase in upstream activities, such as R&D and design, and downstream activi-
ties, such as sales and marketing, relative to fabrication.
As such, the perspective in this paper shifts from a pure sector focus on
manufacturing towards a focus on the activities involved in creating man-
ufactured products. Historically, industrialization has been intimately related to
economic development (Felipe et al., 2015). Premature deindustrialization is,
therefore, an important concern for academics and policy-makers. However,
firms in Asia may have been actively pursuing support services functions in
GVC, such as R&D and design instead of core fabrication activities. In addition,
the re-organization of GVC increasingly appears to relate to business support
functions, such as call centers, and information and communication technology
support (Sturgeon and Gereffi, 2009). A focus on activities is therefore useful as
it adds new information about the development paths of Asian countries.
Specifically, we use new country-industry-year-specific employment data,
with information on the occupations of individuals such that jobs can be classi-
fied by business function (Timmer et al., 2018). This data is combined with the
ADB’s multi-regional input–output (MRIO) tables for a first step to start analyz-
ing functional upgrading in GVC in 11 Asian economies, namely, Bangladesh,
India, Indonesia, Japan, Malaysia, Philippines, China, Korea, Taipei (China),
Thailand and Viet Nam, for the period from 2000 to 2011. As an extension and
initial attempt to examine the drivers of these trends, we use a structural decom-
position to measure the role of trade, consumption and technological change in
accounting for the change in the number and type of jobs involved in GVC.
1 Other types of upgrading, such as industry, quality or product upgrading, are not the focus of
this paper. See Hahn et al. (2016) for quality and product upgrading in Korea, Japan and Indonesia.
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The remainder of this paper is organized as follows. In Section II, the data
and GVC concept is introduced and illustrated using the China’s electronics
GVC. Section III examines functional upgrading in manufactures GVC for
11 Asian countries. We then evaluate to what extent changes in jobs per func-
tion type and country can be explained by each of the different channels affect-
ing labor demand in Sections IV (method) and V (results). Section VI provides
concluding remarks.
II. Jobs in Global Value Chains: Concept, Data and Examples
II.1 Concept
The GVC approach we adopt in this paper measures the contribution of coun-
tries to global manufacturing production. It is defined as the jobs generated in a
country by participating in global production of a particular set of products,
abbreviated by the terms ‘GVC jobs’, for global value chain jobs (Timmer et al.,
2014). Meng et al. (2015) label this approach a backward industrial-linkage
based decomposition as it identifies all stages of a final good or service in a
GVC. It answers the question of how much jobs a country adds to the global
production of a particular set of final products.
A particular row in Figure 1 provides information on the jobs from a particu-
lar country-industry to all GVC in the world. Obviously, this includes jobs in
the production of its own final products, but also jobs for production in other
GVC, by means of delivering intermediate inputs.
Figure 1 An accounting framework for global value chains
Jobs
Country 1 … Country M
Final products of a global value chain, identified by






























WorldTotal jobs for each GVC
jobs
Notes: Cell values represent the jobs generated in the country-industry given in the row, within the global value
chain corresponding to the country-industry of completion given by the column. Source: Modification of figure 1
in Timmer et al. (2014)
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It is important to note that a country’s manufactures GVC jobs reflects work
related to a particular set of activities; namely, those directly and indirectly
related to the production of final manufactures. This includes activities in the
manufacturing sector itself but also in supporting industries such as business,
transport and communication and financial services through the delivery of
intermediate inputs. These indirect contributions will be explicitly accounted for
through the modeling of input–output linkages across sectors.
Consider the example of electronic products, where the final stage of produc-
tion takes place in China. Demand for Chinese electronics will in the first
instance raise the output of the Chinese electronics industry. However, produc-
tion in this industry relies on parts and components that are produced elsewhere,
such as batteries, computer chips and touchscreens, as well as energy and vari-
ous business services such as logistics, transport, marketing and financial ser-
vices. These intermediate goods and services need to be produced as well, thus
raising output in the industries delivering these: say, the US business services
industry, the hard disc drive from Korea’s electronics industry and the processor
from Japan’s electronics industry.
In this section and the next we focus on the contribution to the global produc-
tion of final manufacturing goods, denoted by the term ‘manufactures’. Produc-
tion systems of manufactures are highly prone to international fragmentation, as
activities have a high degree of international contestability: they can be under-
taken in any country with little variation in quality. GVC jobs of a country are
then defined as the contribution of its industries to the global production of
manufactures (Timmer et al., 2013). The GVC jobs of a country in global pro-
duction of manufactures is equal to the sum of jobs by all its industries to the
production of all final manufacturing goods where the last stage of production
takes place in any country in the world.
To model these international production linkages, we rely on a fundamental
input–output identity introduced by Leontief (1936). However, in contrast to
Leontief ’s use of a national input–output table, we consider his input–output
identity in a multi-country setting as production processes are unbundled across
national borders. Leontief ’s identity states that:
q=Bq+ f ,
where q denotes outputs, f is final consumption and B is a world input–output
matrix with intermediate input coefficients. The matrix describes how a given
product in a country is produced with different combinations of intermediate
inputs from anywhere in the world. The identity states that a good is either used
as an intermediate input in another production process or consumed. This iden-
tity can be rewritten as:
q= I−Bð Þ−1f ,
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with I an identity matrix.2 (I − B)−1 is the Leontief inverse. It represents the
total production value that is directly and indirectly required to produce for final
demand. To see this, let z be a vector column with the first element representing
the global consumption of iPads produced in China, and the rest zeros. This is
the total final output of the Chinese iPad industry. Then Bz is the vector of
direct intermediate inputs, both Chinese and foreign, needed to assemble iPads
in China, such as hard disc drive, batteries and processors. However, these inter-
mediates need to be produced as well. B2z indicates the intermediate inputs
directly needed to produce Bz, and so on. Thus,
P∞
n= 2B
nz represents all inter-
mediate inputs indirectly needed for the iPad production. By adding the final
output to all direct and indirect intermediate input requirements, the total gross







nz = I −Bð Þ−1z.
We can use this insight to derive GVC jobs from any final output value. Let
g be the direct amount of jobs by function per unit of gross output. Elements in
the vector g are country and industry specific. For example, one element in vec-
tor g is the amount of fabrication workers in the Chinese electronics industry to
produce one dollar of gross output. The elements in g are direct jobs in the
industry, as they do not account for jobs embodied in intermediate inputs used
by the industry (say the hard disc drive from Korea’s electronics industry or the
processor from Japan’s electronics industry; these industries are other elements
in the vector g). To measure all direct and indirect jobs, we need to define a
matrix A = g^(I − B)−1, where A is the matrix of jobs per unit of final demand;
g^ is a diagonal matrix generated from vector g. Note that, as above, we use the
Leontief inverse such that A includes both direct and indirect jobs. The total
amount of jobs that can be attributed to observed levels of final demand can
then be found by:
Jobsi,b =ui g^ I−Bð Þ−1f , ð1Þ
where Jobsi,b are the total jobs in country i by business function b, f is an mn-
vector with final demand levels for each of the n products delivered by each of
the m countries, g contains the direct amount of jobs by function b per unit of
gross output, and ui is an appropriately chosen summation vector. It contains
ones in the cells associated with the industries in country i and zeros in the other
cells.
2 See Miller and Blair (2009) for an introduction to input–output analysis. Matrices are indicated
by boldfaced capital letters (e.g. B), vectors are columns by definition and are indicated by boldfaced
lowercase letters (e.g. q), and scalars (including elements of matrices or vectors) are indicated by ital-
icized letters (e.g. Jobsi,b). A prime indicates transposition (e.g. u0k ). A hat (e.g. g^) indicates a diago-
nal matrix, with the elements of the vector g on the diagonal.
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II.2 Data
To carry out the empirical analysis, countries have to be included in an interna-
tional input–output table. These kinds of tables can be regarded as a set of
national input–output tables that are connected with each other by bilateral inter-
national trade flows. They provide comprehensive summaries of all transactions
in the global economy between industries and final users across countries in a
particular year. There are several international input–output tables available.
They are similar in the sense that they provide comprehensive summaries of all
transactions in the global economy between industries and final users across
countries in a particular year. The tables differ with respect to the data sources,
construction philosophy and the selection of countries distinguished (see
Dietzenbacher and Tukker (2013) for further discussion and an overview of
existing international input–output tables).
For the GVC analysis in the first part of this paper, we use the multi-region
input–output tables developed at the Asian Development Bank (ADB MRIO;
see Mariasingham, 2015). The ADB MRIO include more Asian countries in the
world input–output tables (WIOT) from the 2013 release of the World Input–
output Database project (see Timmer et al., 2015). This is to facilitate analysis
related to the Asia and Pacific region. Five Asian countries (Bangladesh, Malay-
sia, the Philippines, Thailand and Viet Nam) have been added for the years
2000, 2005, 2006 and 2011. A country is ‘added’ to WIOT by splitting interme-
diate input and final demand flows from the Rest of the World block in the
WIOT into the country and all other countries included in the Rest of the World.
This requires detailed information on production, consumption and trade flows
of the country that is ‘added’. The distinction of additional Asian countries in
the ADB MRIO comes on top of the Asian countries that are already available
in the WIOT; namely, China, Japan, Korea, India, Indonesia and Taipei, China.
Because the ADB MRIO is comparable to WIOT except that more countries are
distinguished, the empirical results presented in the next subsection and in
Section III are comparable when using either the ADB MRIO or the 2013
release of WIOT.3 The international input–output tables provide the information
for matrix B and vector f in Equation (1).
To account for the drivers of changes in jobs in Sections IV and V of this
paper, we apply a structural decomposition method. This structural decomposi-
tion analysis requires international input–output tables in constant prices to
allow for the analysis to be based on changes in volumes. That is, if we were to
use tables in current prices the results might be driven by changes in output
prices instead of changes in employment and output volumes. Tables in previous
years’ prices are available in the 2013 release of the WIOD project and not in
3 Note that the ADB MRIO and the WIOT are not exactly identical as the distinction of additional
Asian countries in the ADB MRIO requires rebalancing of the entire international input–output
table.
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the ADB MRIO and only up until 2009 (Timmer et al., 2015). This restricts the
countries included in the decomposition analysis. Deflation of international
input–output tables is not straightforward as it requires proper deflation of all
cells in the matrix of intermediate input flows between country-industries and
the matrix of final demand flows. We account for the drivers of changes in jobs
for a more limited set of Asian economies; namely, China, Japan, Korea, India,
Indonesia and Taipei, China.
The MRIO tables are an important improvement on the existing statistical
framework, because they allows one to examine and study the implications of
global production fragmentation. However, there is substantial scope for improv-
ing these tables. Timmer et al. (2015) discuss possible improvements and exten-
sions of the tables. One particular limiting assumption in the tables is the
assumption of firm homogeneity within industries. A column in a MRIO table
only provides the average production structure across all firms in a particular
industry. However, these production structures might be rather different for vari-
ous types of firms. For example, Chen et al. (2012) and Koopman et al. (2012)
found that for China the import content of exports differed substantially between
foreign processing firms and domestic firms. Likewise, there are differences in
trade and interindustry relations between formal and informal firms. Typically,
informal firms are less active in exporting goods directly and often also indi-
rectly. Hence, using average production structures across all firms in an industry
may imply that the employment effects are exaggerated. Incorporating informa-
tion on heterogeneity in production processes from firm-level data is an impor-
tant avenue for future work because aggregation errors in value chain analyses
would be reduced.
Information on jobs classified by business function is obtained from popula-
tion censuses and labor force surveys, documented in Timmer et al. (2018). For
the countries that are included in the WIOD project, detailed socioeconomic
accounts are already available. We used these for information on total persons
engaged by country-industry. This data is available annually from 1995
until 2011.
To split persons engaged in each country-industry by business function, we
use information on the occupations of workers (see Timmer et al. 2018 for fur-
ther discussion). A key element in this approach is the mapping of occupations
to business functions. For that, Timmer et al. (2018) use the list of functions dis-
tinguished by Sturgeon and Gereffi (2009), which itself is derived from a list of
generic business functions first proposed by Porter (1985).
For the 5 additional Asian countries included in the ADB MRIO, we esti-
mated jobs by business function, where we closely followed the approach by
Timmer et al. (2018). For Bangladesh, the Philippines, Viet Nam and Thailand,
we used labor force surveys, whereas for Malaysia we used population census
data. We applied the resulting business function shares to employment estimates
by industry to obtain the number of jobs by function. Employment by broad sec-
tors was obtained from the ADB Key Indicators. Value added by industry is
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available from the ADB MRIO. To disaggregate the employment data to the
same industry detail, we assumed the same labor productivity within broad
industries. This provides the information for vector g in Equation (1).
II.3 Global value chain example
Figure 2 shows an illustration of the GVC concept for electronic products final-
ized in China. Basically, the GVC of electronics equipment in China is presented
in a column in Figure 1 and the rows in that column give the jobs originating from
a country-industry participating in the Chinese electronics GVC.











































PRC, other support services workers
PRC, administration and back-office workers
PRC, logistics, sales and marketing workers
PRC, fabrication workers
PRC, R&D workers
Notes: The number of workers directly and indirectly involved in production of electronic products finalized in
China (ISIC rev 3.1, industry 30 t33), decomposed into foreign and domestic workers by business function are
shown. Sources: Authors’ calculations based on the ADB MRIO, socioeconomic accounts of WIOD and
occupation information from the China 2000 and 2010 population census
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Our findings suggest that increased demand for Chinese electronic products
resulted in an increase in jobs in China, from approximately 15 million in 2000
to 30 million in 2011. Note that these are jobs both directly as well as indirectly
involved in the production of Chinese final electronic products and, hence, these
jobs can originate from industries outside of electronics manufacturing itself, an
issue to which we return in the next section. Information on business functions
provides insight into GVC upgrading patterns. That is, if a country manages to
upgrade from assembly to doing its own R&D and design activities in a GVC,
this will be reflected by changes in the number of jobs from those business func-
tions in that GVC.
Carrying out business functions in GVC is related to education, but imper-
fectly so. Business functions at both ends of the GVC (R&D and design at the
upstream end, and logistics, sales, marketing and other super services activities
at the downstream end) are typically associated with higher skill requirements.
However, educational attainment need not be connected to the job or tasks that a
person carries out. For example, for the USA, the share of college graduates
involved in engineering was 62 percent in 2007 and the remainder consisted of
workers with less than a college degree (based on data from the 2007 American
Community Survey). In addition, the quality of education may be rather poor.
The ADB (2015a) shows a mapping of occupations and tasks to skills and edu-
cation and measures skill mismatches. Using occupation data is more appropri-
ate if skill mismatches are pervasive.
Our findings suggest rapid growth in the amount of China’s R&D workers
involved in the electronics GVC of China. This growth was faster compared to
growth of fabrication workers and administration and back-office workers. In
addition, other support services workers expanded from approximately 454 000
in 2000 to 791 000 in 2011. However, it should be noted that most GVC jobs in
2011 still relate to fabrication (16.8 million workers) and back-office (7.1 mil-
lion) activities, reflecting China’s strong comparative advantage in these
activities.
III. Trends in Functional Upgrading in Global Value Chains
This section describes aggregate trends in the distribution of jobs in GVC using
the method that was introduced in the previous section. We will use the ADB
MRIO in this section.4 We will use the term ‘manufactures’ to denote all pro-
duction activities that are directly or indirectly involved in the production of
final manufacturing goods. Production of manufacturing products is prone to
international fragmentation as many activities have a high degree of interna-
tional ‘contestability’; that is, they can be undertaken in any country, usually
4 Calculations using the WIOT instead of the ADB MRIO indicate that the main trends identified
here do not differ substantially for Asian countries distinguished in the WIOT.
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with little variation in quality (Timmer et al., 2013). It is important to note that
GVC of manufactures do not necessarily include all activities in the manufactur-
ing sector, and neither all activities that are internationally contestable. Some
activities in the manufacturing sector are geared towards production of interme-
diates for final non-manufacturing products and services and are not part of
manufactures GVC, such as the use of cement in the construction industry. In
contrast, GVC of manufactures also include jobs outside the manufacturing sec-
tor, such as business services, transport and communication, finance, and raw
materials production. These indirect contributions will be explicitly accounted
for through the modeling of input–output linkages across sectors.
To show this empirically, we use the number of workers per unit of output to
trace the number of workers directly and indirectly involved in the production of
manufacturing goods and show their sector of employment. Results are shown in
Table 1. Columns (1) and (2) show the share of GVC jobs in total employment.
The next four columns show the sectorial employment structure, where we distin-
guish between agriculture, manufacturing and other sector jobs. The final four
columns show the change in jobs by sector over the period from 2000 to 2011.
The first two columns in Table 1 are indicative of the importance of
manufacturing GVC in providing jobs across Asia. The findings suggest sub-
stantial differences across countries. In several high-income East Asian coun-
tries, namely Japan, Korea and Taipei, China, the employment share of GVC
workers declined. For Korea, we observe a shift in employment of GVC
workers, away from the manufacturing sector and towards the services sector
(see the final columns in Table 1). For Japan, there has been a decline in manu-
factures’ GVC workers across all sectors of the economy.
In other Asian countries, such as Bangladesh, India, the Philippines, China
and Viet Nam, the share of manufactures’ GVC workers increased. In
Bangladesh, the increase was particularly rapid, from 23.7 percent in 2000 to
43.9 percent in 2011. This may be overstated. In Section II we discussed how
multi-regional input–output tables do not adequately account for firm heteroge-
neity, in particular by properly including interindustry linkages for informal
(often agricultural) firms. In addition, substantial differences in productivity
between agriculture and non-agricultural sectors will be reflected in a large
amount of agricultural workers involved in manufactures GVC. Excluding agri-
cultural GVC workers still indicates that GVC workers as a share of all workers
in the economy expanded in Bangladesh, but the level and pace is substantially
lower: approximately 14 percent in 2000, increasing to 23 percent in 2011. For
India and China, it appears the increase in GVC workers mainly originates in
the manufacturing sector, adding approximately 17 million jobs in India between
2000 and 2011 and almost 24 million in China. By 2011, twice as many GVC
jobs were generated in China as compared to India (245 million vs 132 million).
In several countries, such as Indonesia, Malaysia and Thailand, the share of
manufactures GVC workers declined, but the final columns indicate that the
absolute amount of GVC workers increased.
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Aggregate changes in jobs are informative about the involvement of countries
in GVC. However, to examine whether countries are upgrading in GVC we need
additional information.
A focus on activities in GVC may be informative for discussions about the
middle-income trap. One view on this trap is that Asian countries’ involvement
in GVC has been successful to the extent that fabrication activities expanded
and production techniques were emulated. However, the switch from imitation
to innovation is difficult and if countries do not succeed, they will be stuck at
middle income levels. Macroeconomic measurement of upstream (R&D, design)
and downstream (sales and marketing) activities in GVC helps inform regarding
the pace and character of GVC participation by Asian economies.
Across Asian countries a first distinction is made between high-income and
emerging Asian countries. From Table 2 we observe that the change in GVC
jobs in Korea is unevenly spread. In particular, the number of fabrication
workers declined by 538 000 between 2000 and 2011, whereas employment in
upstream and downstream business functions increased. These relative trends
are also observed for Japan and Taipei, China. This suggests functional
upgrading in GVC by high-income Asian countries.
In most emerging Asian countries, there was a formidable increase in fabrica-
tion workers between 2000 and 2011. In absolute numbers, India and China
stand out (an increase of approximately 12 and 25 million fabrication workers,
respectively), but also in Bangladesh, the Philippines and Viet Nam we observe
a substantial increase in GVC fabrication workers. Our findings suggest that
China does a much better job in generating GVC fabrication jobs compared to
India (178 million in China in 2011 vs 97 million in India). It is important to
upgrade in GVC, but it is also important for emerging Asian countries to pro-
vide jobs for its large less-skilled workforce. China appears to be better able
to do so.
In emerging Asian countries, the number of workers in upstream and down-
stream GVC increased. This increase was faster compared to the increase in fab-
rication jobs, suggesting an upgrading process in GVC by emerging countries,
although from low initial levels.
Figure 3 shows changes in employment shares by function, based on the
information provided in Table 2. Several additional insights emerge from this
figure. First, although the number of fabrication workers involved in manufac-
tures GVC increased in most Asian countries, the employment shares decreased.
The increase in the share of fabrication jobs in Bangladesh appears an important
exception to this overall trend. Second, in most Asian countries the share of
R&D workers, logistics, sales and marketing workers, and administration and
back-office workers increased. This is further indicative evidence of functional
upgrading in GVC by Asian countries. However, the share of workers involved
in upstream and downstream activities only appears to substantially increase in
Korea and Taipei, China. This suggests that an upgrading process is ongoing
across Asia, but proceeding at different speeds.
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IV. Accounting for the Drivers of Functional Upgrading: Method
In this and the subsequent section we seek to examine drivers of the changes in
GVC workers by business function observed in the previous section. This
section presents an adaptation of the structural decomposition method introduced
by Los et al. (2013) to examine the role of trade, technological change and other
factors in accounting for functional upgrading in Asian countries. Instead of looking
at jobs by educational attainment as in Los et al. (2013) or routine task intensity as
in Reijnders and de Vries (2018), we examine changes in jobs by business function
which speaks more closely to the issue of functional upgrading in GVC.
We explicitly frame the quantification of changes in jobs in a setting with
internationally fragmented GVC. Remember that in Equation (1) we derived the
total amount of jobs that can be attributed to observed levels of final demand in
a particular year:
Jobsi,b = ui g^ I−Bð Þ−1f :
In what follows, we specify determinants of intertemporal changes in Jobsi,b
that affect the product g^(I – B)-1 and determinants that affect f. The former
effects relate to changes within GVC, whereas the latter are associated with
changes in the relative weights of GVC.
We intially look at demand for final products and trade in final products. We
consider three determinants that account for changes in f. First, total final
demand in countries increases as they grow richer. Second, the composition of
consumption bundles can change due to Engel effects. If consumers become
wealthier in China it is likely that their consumption bundle changes, for
Figure 3 Change in employment share of global value chain workers by function (2000 to












Bangladesh India Indonesia Japan Malaysia Philippines China Korea Taipei,
China
Thailand Viet Nam
RD FAB LSM ADM OTH
Notes: ADM, administrative and back-office; FAB, fabrication; LSM, logistics, sales and marketing; OTH to other
support services; RD, R&D workers
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example increasing their demand for cars. Finally, market shares of countries in
selling final products might change over time. For example, relocation of elec-
tronics assembly activities in Japan to China will imply that market shares of
Chinese final electronics products will increase at the expense of market shares
of Japanese final electronics products. These three factors can be incorporated
into the analysis by expressing the final demand vector as:5
f = T*  S*  c^  u, ð2Þ
where c is an m vector. Its typical element ci contains total final demand exerted
by country i. S* is an mn × m matrix constructed by stacking m n × m matrices
of final demand shares for each of the n outputs. S* reflects consumption bun-
dles of countries. The rows of the n × m matrices that together form S* are
obtained by aggregating over final goods supplied by each of the trade partners:
if Chinese consumers were to spend 0.1 of their total consumption on Chinese
food and 0.05 of their total consumption on Thai food, the share of food in Chi-
nese consumption would amount to 0.15. T* is an m n × m matrix of final
product trade coefficients. It reflects market shares of countries in selling final
products. It is constructed by stacking m rows of n × m matrices. The typical
element tij in the kth n × m matrix represents the share of country k in final
demand for product i in country j. u is an m-elements summation vector con-
sisting of ones.
Equation (2) indicates how three factors together determine the relative impor-
tance of mn GVC, a GVC being defined as all activities required to produce the
final product of an industry in a country. If jobs by activity would vary across
GVC, changes in relative importance of these chains could lead to changes in
the amount of these jobs. Within such GVC, however, technological change and
changes in the type of activities countries specialize into can also lead to differ-
ences in the amounts of jobs in the country considered. If the production of
final products is a fragmented process organized in GVC, the mn vector gw0 ≡
g0(I − B)−1 gives a more appropriate measure of the jobs by activity to produce
final products. gw0 gives the worldwide jobs by function used to produce one
unit of each of the mn final products, irrespective of the location of the activities
required.
Changes in gw would reflect biased technological change only if labor is
equally productive across regions. Loosely speaking, if the productivity of a
worker in country A is double that of a worker in country B and an activity is
relocated from A to B, we would observe technological change biased towards
that activity. To correct for this, we introduce an mn-productivity vector π, the
typical element of which contains the industry-specific labor productivity levels
5 The symbol  stands for the ‘Hadamard product’, obtained by cell-by-cell multiplication
(i.e. W = X  Y means that wij = xijyij, for all i and j).
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of labor relative to levels in the USA.6 This allows us to specify a GVC’s tech-
nology in terms of labor measured in efficiency units, g*0 ≡ (πg)0 (I − B)−1.
It is important to note that the values in the cells of the matrix (I − B)-1 are
not only determined by the technical production requirements in terms of inter-
mediate inputs but also by the shares of these intermediate inputs delivered by
each of the potential countries-of-origin. As a consequence, some industries in
some countries will use more labor of a particular business function than
expected on the basis of g*0, while others will use less. Because a WIOT repre-
sents mn industries with jobs and mn GVC to which these jobs relate, we can
compute an mn × mn matrix with shares of each of the mn industries in total
jobs per unit of final demand produced by a GVC. Rows correspond to indus-
tries where jobs originate; columns correspond to the GVC to which jobs
contribute:




Writing g^(I − B)−1 = π^−1Rg^* and substituting Equations (2) and (3) into









0  S*0  c^0
  
u: ð4Þ
Next, the difference in jobs of a country at two points in time (Jobsi,b,1 –
Jobsi,b,0) can be disaggregated into:








































































0  S*0  c^1− c^0h i
  
u: ð5f Þ
In a nutshell, this disaggregation identifies six determinants of changes in a
country’s jobs between the initial period (denoted by subscript 0) and the final
period (denoted by subscript 1). Below, these six determinants are grouped into
those arising from changes in trade, technology and consumption patterns. The
6 The elements of π can change over time but are assumed to be identical across workers.
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decomposition technique allows us to isolate the partial effects of each of these
determinants. Furthermore, the disaggregation is exhaustive. Hence, the total
change in a country’s jobs is attributed to changes in trade, technology or con-
sumption. We describe each of the drivers of a country’s jobs in turn.7
Trade
1. Changes in the location where intermediates are produced (Equation 5b). If
some of the intermediate inputs were initially purchased from domestic sup-
pliers but are now bought in a foreign country, the associated jobs will also
be relocated to the foreign country.
2. Changes in the location of final assembly (Equation 5d). If the production of
a final good from a country loses world market share, jobs in all countries
that contributed to the production of that final good will fall. Changes in
preferences of consumers may cause such changes, but also decisions by lead
firms to relocate their assembly activities.
Technology
3. Changes in global value chain jobs (Equation 5c). We define the GVC jobs
for a final good produced in a country (say the iPads in China) as the jobs
anywhere in the world and in any industry required to produce US$1 m of
final output of the final good in that country. Increased efficiency in this
GVC will, ceteris paribus, lead to lower demand for jobs of a particular
activity.
4. Changes in efficiency of a country (Equation 5a). If productivity in a country
catches up to the productivity leader (say the Chinese electronics industry
catches up to US electronics), fewer jobs are needed to produce the same
amount of output.
Consumption
5. Changes in the consumption bundle (Equation 5e). If the composition of the
consumption bundle (both at home and abroad) changes, this affects the rela-
tive demand for final products. Because final products differ in terms of their
embodied jobs, these Engel effects induce changes in jobs in a country.
7 The decomposition analysis represented by Equations 5a–f is not a unique solution. It alters with
the choice of weights applied to the individual expressions and can give rise to n! possible decompo-
sitions (see Dietzenbacher and Los, 1998). The results presented in the next section are an arithmetic
average over Equations 5a–f and the so-called polar form, which consists in switching initial and
final year weights in all the equations. Dietzenbacher and Los (1998) demonstrate that the average of
all the potential decompositions roughly corresponds to the average of the two polar decompositions.
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6. Changes in consumption levels (Equation 5f). Demand for final goods
increases if consumers become wealthier and purchase more goods and
services.
V. Accounting for the Drivers of Functional Upgrading: Results
This section presents the main results from the decomposition analysis. We
focus on quantifying the actual changes in demand for workers across business
activities in manufactures GVC. Changes in jobs are split into the changes in
the various drivers using the decomposition methodology discussed in the previ-
ous section.
Table 3 shows changes in jobs by business function and an account of the
drivers of these changes. The first three columns show the number of jobs by
business function in 2000 and 2009 and the change between 2000 and 2009.
Note that qualitative trends are similar to those shown in Table 2, but the time
period is restricted due to the availability of international input–output tables
that measure volume changes (see the discussion in Section II). Subsequent col-
umns in Table 3 show drivers that account for the change in the number of jobs.
That is, the sum of the columns for trade, technology and consumption is equal
to the change in jobs between 2000 and 2009.
Note that these drivers are hypothetical changes holding everything else con-
stant. For example, ceteris paribus, we examine the change in the number of
jobs in a business function due to changes in the location of final assembly
activities. This is an accounting exercise and we do not mean to imply that the
components are independent of each other. For example, the relocation of inter-
mediate fabrication activities might lead to cost savings and induce a shift in
demand between GVC. See Reijnders and de Vries (2018) for further discussion
of the strengths and limitations of the method.
Let us first focus on employment effects due to changes in the location of
activities in GVC (in short, trade). In Table 3, the effects from trade are split
into employment demand due to changes in the location of intermediate stages
of production and final assembly. As expected, the relocation of intermediate
stages of production is related to lower demand for fabrication workers in high-
income Asian economies, such as Japan, Korea and Taipei, China. Between
2000 and 2009, China started to undertake more intermediate input stages, con-
tributing to increased demand for approximately 9 million fabrication workers.
This finding relates to Kee and Tang (2016), who document that Chinese firms
have been substituting domestic for imported intermediate inputs.
Other emerging Asian economies like India and Indonesia did not see an
increase in labor demand due to the relocation of intermediate production
stages. Ceteris paribus, the relocation of intermediate stages is related to a
decline of 11.5 and 3 million fabrication workers in India and Indonesia, respec-
tively. For proper interpretation, note that the method measures the employment
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effects of intermediate stages based on intermediate input shares (see
Section IV, Equation 5b). Our findings thus suggest that the share of intermedi-
ate input activities in manufactures GVC declined in India and Indonesia,
whereas it increased in China.
India and Indonesia did benefit from the relocation of final assembly activi-
ties and/or increased demand for products finalized in their economies (see
Section IV, Equation 5d). This effect accounts for increased demand of approxi-
mately 1.1 million and 300 000 fabrication workers in India and Indonesia,
respectively. China also benefitted from changes in the location of final assem-
bly. Between 2000 and 2009, this relates to increased demand for approximately
27 million fabrication workers. Interestingly, our findings suggest that the
demand for workers in R&D and logistics, marketing and sales activities also
increased substantially. Our findings indicate that the relocation of intermediate
and final stages of production is related to increased demand of approximately
1.6 million R&D workers and 6.2 million logistics, sales and marketing workers
in China. This is much less apparent for India and Indonesia.
The next two columns examine labor demand effects due to changes in tech-
nology. With technological change, fewer workers are needed to produce the
same amount of output. In general, the employment effects from technology
tend to be larger than that from trade. This finding is consistent with other stud-
ies, including Autor et al. (2003), Los et al. (2013), Goos et al. (2014) and
Reijnders and de Vries (2018). These studies focus on the biased nature of tech-
nological change, and this is also apparent in our findings. That is, technological
change lowered demand for fabrication workers relatively much more compared
to workers involved in upstream and downstream GVC activities in all Asian
countries. For example, ceteris paribus, improvements in GVC technology
lowered demand for fabrication workers by approximately 9 million workers in
China but hardly affected (and even increased) demand for R&D jobs.
Changes in the consumption bundle also affected the relative demand for
workers by business function. In China, the shift in the bundle of goods and
services consumed towards more sophisticated and high-technology content
products is related to lower demand for approximately 2 million fabrication
workers and increased demand for approximately 110 000 R&D workers. In
contrast, consumption shifts in India are related to an increased demand for
approximately 4.7 million fabrication workers.
The final column in Table 3 suggests that the biggest effects on the demand
for workers originate from increased consumption levels. Increased consumer
demand lifts all boats: it does not substantially alter relative demand for workers
by business function. Typically, the substantial increase in consumer spending
more than compensates for lower demand for workers due to technological
improvements. For example, ceteris paribus, due to improvements in efficiency,
approximately 9.9 million fabrication workers were needed in India between
2000 and 2009. However, consumer spending increased such that approximately
22.8 million additional fabrication workers were needed to satisfy consumption.
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VI. Concluding Remarks
This paper combines MRIO tables with new data on jobs classified by business
function. It provides a macro-perspective to explore functional upgrading by
Asian countries in GVC. In addition, it explores a quantification of trade, tech-
nology and other factors in accounting for changes in the number of workers
involved in GVC.
Our findings suggest that countries differ in their ability to create jobs and
upgrade in GVC. In particular, China generated a lot of fabrication jobs for its
large less-skilled workforce, in line with its comparative advantage. However, at
the same time, since 2000 we have observed substantial upgrading, reflected in
a rapidly increasing number of Chinese R&D workers involved in GVC. These
results appear related to the relocation of intermediate and final production
stages and also technological change within GVC. Other Asian countries also
appear to upgrade in GVC but at a slower pace. Furthermore, we find that high-
income Asian countries (i.e. Japan, Korea and Taipei, China) specialize in
upstream and downstream activities in GVC. These results thus lend support to
the view that Asian economies who educate their workforce also manage to
upgrade in GVC and, thus, increasingly undertake more upstream and down-
stream services activities, such as R&D and sales and marketing, relative to core
fabrication activities.
We used international input–output data to measure jobs from all activities
that are directly or indirectly needed to produce a final manufacturing product.
In contrast to detailed case studies, our approach provides a macro-perspective
and describes country trends. This is informative, but not without limitations.
The measurement of jobs in GVC is affected by the aggregated nature of the
data used in current empirical analysis. For example, products that differ in the
type and amount of jobs required to produce it are aggregated but may have dif-
ferent end users (e.g. domestic vs foreign consumption). In addition, production
processes of firms that produce for the domestic and foreign markets may differ
(Timmer et al. 2015). Hence, distinguishing processing exports from regular
exports and domestic use would improve estimates for countries heavily
involved in global production networks. From a methodological point of view, it
is well known that the various drivers identified by the structural decomposition
method are interrelated (Dietzenbacher and Los, 1998); we therefore cautiously
interpret the terms as being indicative. Future research may use other (econo-
metric) approaches to explore the mechanisms underlying functional upgrading
patterns in Asia.
Various related research efforts are ongoing. Researchers have started to use
detailed firm-level data to study functional upgrading (see e.g. Van Assche and
Van Biesebroeck, 2018). In addition, new firm-level surveys are being under-
taken that measure the type of business functions that are carried out domesti-
cally and those that are offshored (Brown et al., 2014). Information of this type
collected on a national scale could potentially provide a link as it identifies the
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spatial distribution of activities within GVC of firms. These surveys are still in
the testing phase and are not yet part of a regular statistical program. However,
once they are, our hope is this will result in a more comprehensive understand-
ing of what drives functional upgrading in GVC.
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